We conducted a prospective study to assess how well parents 
Introduction
Tonsillectomy remains one of the most common operations performed in the pediatric age group, with an annual rate in the United Kingdom of 2.3 operations per 1,000 children younger than 12 years. 1 While hemorrhage is the most potentially serious postoperative complication, pain at home is often the greatest challenge experienced by the parents of these children. In addition to the discomfort itself, poor pain control can lead to decreased nutritional intake and (anecdotally) increased rates of secondary hemorrhage.
We conducted a study to assess how well parents complied with their children's prescribed analgesia regimen following tonsillectomy.
Patients and methods
For this prospective, nonrandomized study, our original patient population was made up of 69 pediatric patients who had undergone tonsillectomy or adenotonsillectomy. All operations had been performed from July 6 through Sept 27, 2008, at the Children's University Hospital (Temple Street) in Dublin, a tertiary care pediatric referral center. The parents of all study children were given an information sheet that explained the purpose of the study along with a consent form.
Upon discharge, the parents were given a prescription for paracetamol (acetaminophen), and they were instructed to give their child the correct dose according to the child's weight, which was calculated for them prior to discharge.
Two weeks postoperatively, the parents were contacted by telephone and asked about their child's specific type of paracetamol, the dosage, the route of administration, and the duration of therapy. They were also asked about (1) the timing of peak pain, (2) the resumption of a normal diet, and (3) the need for further medical services, whether it be a visit to a general practitioner (GP) or an accident and emergency (A/E) service or a phone call to the ward for advice.
Our follow-up phone calls revealed that 3 parents had
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• not followed the study protocol; 2 had not kept good records, and 1 had been forced to return the child to the hospital for treatment of diarrhea and vomiting. Thus, our final study population was made up of 66 children-35 girls and 31 boys, aged 2 to 15 years (mean: 7.0; median: 5.5) (figure 1). Overall, the children's weight ranged from 11.7 to 96.2 kg (mean: 30.2). The recommended paracetamol dosage at the time of the study was 60 mg/kg/day, to be taken for as long as the pain persisted. We instructed the parents to give it regularly for at least the first 3 days following surgery, and not to exceed 90 mg/ kg/day. We divided the cohort into two groups according to age, which determined the type of paracetamol (Calpol) that they were prescribed:
• The younger group (2 to 5 years) was made up of 33 patients, and they were prescribed Calpol Infant Suspension. Their weight ranged from 11.7 to 24.6 kg.
• The older group (6 to 15 years) was also made up of 33 patients, and they were prescribed Calpol SixPlus. Their weight ranged from 16.1 to 96.2 kg.
• We further subclassified the older subgroup into two age categories; 22 of them were aged 6 to 11 years, and their weight ranged from 16.1 to 46.8 kg, while 11 were aged 12 to 15 years, and their weight ranged from 48.8 to 96.2 kg.
Results
Our follow-up phone calls revealed that all 66 patients had taken paracetamol to some degree. Dosages. Of the 66 patients, only 15 (22.7%) had received the prescribed dose of 60 mg/kg/day and were thus classified as being fully compliant.
Overall, the administered dosages ranged from 12.5 to 111.0 mg/kg/day (mean: 44.8). The mean dosage was well below our recommended amount of 60 mg/ kg/day. Our findings according to age group:
• The dosage range for the 33 younger patients, who received Calpol Infant Suspension, was 13.4 to 111.0 mg/kg/day (mean: 47.4) (figure 2).
• The dosage range for the 33 older patients, who received Calpol SixPlus, was 12.5 to 80.0 mg/kg/day (mean: 45.4) (figure 3).
• Subgroup analysis of the older children showed dosage ranges of 12.5 to 76.4 mg/kg/day (mean: 45.1) for the 22 patients aged 6 to 11 years and 22.3 to 80.0 mg/kg/ day (mean: 46.1) for the 11 children aged 12 to 15 years.
Pain. The timing of peak pain varied greatly, ranging from the immediate postoperative period to 8 days later (mean: 4 days postoperatively). Diet. Significant variation was also seen in the time until resumption of a normal diet, which ranged from the immediate postoperative period to 14 days (mean: 7.7 days postoperatively).
Further medical services. A total of 15 of the 66 children (22.7%) had been taken to their GP for follow-up care. Of these, 11 were prescribed an antibiotic. Three patients were evaluated for abdominal complaints, and 1 was given additional analgesia. The dosage range for these 15 children was 27.0 to 80.0 mg/kg/day (mean: 38.3). Although their mean dosage was below the average for the entire cohort and well below our recommended dosage, these differences were not statistically significant.
The parents of 2 patients (3.0%) had brought their children to the A/E service-1 for epistaxis (dosage: 56.0 mg/kg/day) and 1 for vomiting (50.0 mg/kg/day).
The parents of another 6 children (9.1%) had called the ward for advice. Their dosages ranged from 35.2 to 74.0 mg/kg/day (mean: 52.4).
Finally, there was a single case (1.5%) of post-tonsillectomy bleeding. This patient required a return to the operating theater (dosage: 39.5 mg/kg/day).
Discussion
No consensus exists as to the optimum analgesic regimen for post-tonsillectomy patients. In addition to paracetamol, commonly prescribed agents include codeine and nonsteroidal anti-inflammatory drugs (NSAIDs).
Regular paracetamol is the cornerstone of analgesia for children. Although it is a well-established painkiller, its pharmacokinetic properties have not been fully determined. Research has shown that cyclo-oxygenase enzyme 3 (COX-3), which is found in the brain and spinal cord, is selectively inhibited by paracetamol. This might explain how paracetamol is effective in relieving pain and reducing fever without causing adverse gastrointestinal effects. 2 In Ireland, the recommended dosages for Calpol listed on the bottle were based on age rather than on weight. Calpol Infant Suspension is available for patients aged 2 months up to 6 years; its paracetamol concentration is 120 mg/5 ml. The recommended dosage for patients aged 1 to 6 years was 5 to 10 ml four times daily, which equates to 480 to 960 mg/day. Calpol SixPlus is available for children 6 years and older; its concentration is 250 mg/5 ml, and its recommended dosage was 5 to 10 ml four times daily, which equates to 1,000 to 2,000 mg/ day. As our findings suggest, parents often administer the dosages recommended on the bottle rather than the prescribed dosage based on the child's weight.
The maximum daily dose of paracetamol in children remains controversial. An upper limit of 90 mg/kg is becoming more widely accepted, 3 and the oncerecommended daily dose of 60 mg/kg is now thought to be subtherapeutic. 4 Daily doses greater than 150 mg/ kg cause severe liver toxicity. 5 Initially, the signs and symptoms of paracetamol toxicity may be absent or vague. Left untreated, a paracetamol overdose can lead to liver failure and death within days. Accidental overdosing may occur when (1) parents miscalculate the amount of drug they give their children, (2) another medication that contains paracetamol is administered concomitantly, and (3) a child is given an adult formulation. 6 In our study, 1 child, a 5-year-old girl, had taken an average of 111.0 mg/kg/ day for 6 days. After we learned of this, we conducted a follow-up examination, but the patient exhibited no signs or symptoms of liver toxicity, and her liver function tests were normal.
Codeine is associated with increased levels of nausea and vomiting, 7, 8 and it has also been associated with a number of fatalities post-tonsillectomy as a result of ultrarapid metabolism of codeine. 9, 10 NSAIDs are relatively free of this side effect, but concerns remain about the increased risk of secondary hemorrhage. Smith and Wilde 11 demonstrated this in a study of 577 patients, but Cardwell et al 12 conducted a review of 13 trials involving 955 children and found no statistically significant increase in post-tonsillectomy bleeding requiring intervention among patients who received an NSAID. Rømsing et al reported that high-dose paracetamol was as effective as diclofenac for controlling pain in pediatric tonsillectomy patients in the outpatient setting. 13 Our study confirmed anecdotal reports suggesting that there is a wide variation in the amount of paracetamol that children are given for analgesia. This may be partially attributable to the trend toward increasing body weight in children. Since 1980, the prevalence of obesity among children and adolescents in the United States has almost tripled, and today approximately 17% of those aged 2 to 19 years (12.5 million) are obese. 14 In Ireland, a 2007 report indicated that almost 1 in every 4 boys (23%) and more than 1 in 4 girls (28%) between the ages of 4 and 16 years were either overweight or obese. 15 This illustrates the importance of basing the amount of prescribed medication on the child's weight.
Written instructions regarding regular analgesia use must be given to parents on discharge. As our study and others 13 have shown, even when parents recognize that their children are in pain, most give them inadequate amounts of analgesia.
In conclusion, this preliminary study demonstrated that parents gave their children a wide range of dosages and a low mean dosage of paracetamol. Although these parents were advised on the proper dosage before their child's discharge, they were often reluctant to give the maximum recommended dose. This has led to a change in policy at our hospital, as all parents are now given written instructions on how to properly administer analgesia. We are awaiting Ethics Committee approval for a second prospective study that will include a control arm and different dosage regimen.
